ASSESSING GENETIC VARIABILITY AT DIFFERENT GENOTYPES OF CACTI PLANTS BY MEANS OF RAPD ANALYSIS by MIHALTE, Lucica Alina et al.
 110 
Bulletin UASVM, Horticulture 65(1)/2008 
pISSN 1843-5254; eISSN 1843-5394 
 
 
ASSESSING GENETIC VARIABILITY AT DIFFERENT GENOTYPES 
OF CACTI PLANTS BY MEANS OF RAPD ANALYSIS 
 
Lucica MIHALTE1, Radu SESTRAS1, Gyorgy FESZT2 
 
1 University of Agricultural Sciences and Veterinary Medicine, Faculty of Horticulture 
3-5 Manastur Street, 3400, Cluj-Napoca, Romania, mihaltelucica@yahoo.com 
2
 Alexandru Borza Botanical Garden, 42 Republicii Street, Cluj-Napoca, Romania 
  
 
 Keywords: cacti, DNA isolation, RAPD analysis, genetic variability, dendrogram 
 
 Abstract: The cacti family is a morphologically heterogeneous group comprising about 1600 species. 
DNA isolation from cacti is notoriously difficult because they contain high amounts of polysaccharides and 
secondary metabolites, which form insoluble complexes with nucleic acids during extraction. DNA from 53 
species of four genera of cacti: Rebutia, Mediolobivia, Aylostera and Sulcorebutia were isolated. The average 
DNA yield from all genotypes was 106.40 ng/ µl. DNA yields per individual ranged from 33.80 ng/µl to 441.40 
ng/µl. The genetic variability was tested using random amplified polymorphic DNA molecular marker, and the 





Cacti occur in the New World from western and southern Canada (Speirs, 1982) to 
southern Patagonia in Chile and Argentina (Kiesling, 1988), and the epiphytic genus Rhipsalis 
has dispersed naturally, undoubtedly by birds, to tropical Africa and Madagascar and across to 
Sri Lanka and southern India (Thorne, 1973). 
Nearly every introductory college biology or ecology textbook contains at least one 
cactus photograph, used to illustrate plant adaptation to dry habitats. Cacti have also helped 
evolutionary biologists and ecologists understand CAM (Crassulacean acid metabolism) and 
succulence (Gibson and Nobel, 1986; Nobel, 1988, 1991).  
The four genera taken in study are mostly high mountain plants from Bolivia and 
northern Argentina. The genus Rebutia has been a popular one with collectors for many years, 
because it represents often one of the first cactus plants that bloom at an early age. 
Cacti are very adaptable plants that often hybridize easily and, in the wild take hugely 
forms according to local conditions. Plants from very different groups that grow in the same 
habitat can evolve, or converge, to look very similar. On the other hand, plants of the same 
species that live in different regions may diverge in appearance until they look as if they 
belong to completely different groups (Hewitt, 1993). 
The genera Rebutia, Mediolobivia, Aylostera, are pulled toghether as one genus Rebutia, 
and the genus Sulcorebutia is regarded as separate genus (Buninig and Donald, 1963, 1965). 
Ritter and Rausch sustain that all four genera are synonymy, and should carry the name 
Rebutia.  
In the present paper was tested the genetic variability of 53 species of cacti, classified 
after Backeberg (1977). 
DNA isolation from cacti is difficult because they contain high amounts of 
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polysaccharides and secondary metabolites, which form insoluble complexes with nucleic 
acids during extraction (Guillemaut and Marechal-Drouard, 1992). Like in other groups of 
plants, the secondary metabolites and polysaccharides in cacti inhibit enzyme action (Porebski 
et al., 1997). 
 
MATERIALS AND METHODS 
 
An easy and inexpensive protocol to isolate ADN from cacti is Lodhi et al., 1994 
(improve by Pop, 2003) protocol. This procedure requires only a few grams of tissue and does 
not require destruction of the whole plant to produce high molecular weight genomic DNA. 
This method was used to isolate DNA from 53 species belonging to four genera of cacti: 
Rebutia, Mediolobivia, Aylostera and Sulcorebutia. 
The cacti genotypes used for analysis in this experiment belonging to the Botanical 
Garden “Alexandru Borza” collection, Cluj-Napoca (Table 1). It was collected young 
offshoots, whom have been cut in little pieces, than transformed in a fine powder in liquid 
nitrogen. The DNA extracts using Lodhi et al. (1994) protocol can be amplified consistently 
by PCR and used for RAPD analysis (Random Amplification of Polymorphic DNA).  
DNA amplification 
Amplification of RAPD fragments from genomic DNA was carried out in a total 
reaction volume of 25 µl containing: 2 µl of genomic DNA, 5 µl buffer, 3 µl MgCl2, 0,5 µl of 
dNTP, 1.6 µl decamer primer, and 0.2 µl Taq DNA polymerase. Each reaction was overlaid 
with sterile water. Amplifications were performed in a thermocycler programmed for 45 
cycles of 1 minute at 940C, 1 minute at 380C, 30 seconds at 540C, 2 minute at 720C with a 
final 15 minute extension of 720C. Amplification products were separated on 2% agarose 
TAE gels run at 80 V/cm for 1 hour. Gels were coloured with ethidium bromide (6 µl) and 
photographed under UV light. It was tested 21 decamer primers: OPA-11, OPA-16, OPA-17, 
OPA-18, OPA-20, OPC-04, OPC-08, OPC-09, OPC-13, OPC-20, MIC-07, MIC-13, MIC-14, 
70-03, 70-04, 70-08, 270, 534, 563, 594, 595, with all 53 samples.  
 
RESULTS AND DISCUSSIONS 
 
Even if fresh tissue from cacti present large amounts of polyphenolics and 
polysaccharides that co-precipitate with DNA and affect subsequent PCR amplification the 
protocol Lodhi et al., 1997 (improve by Pop, 2003) was efficient, and reduces the amount of 
these contaminants. Using this procedure the average DNA yield from all genera was 106.40 
ng/ µl . DNA yields per individual ranged from 33.80 ng/µl (Rebutia ourensis) to 441.40 ng/µl 
(Rebutia violaciflora var. luteispina) of fresh tissue (Table 1).  
From 21 decamer primers used for amplification, only five primers amplify (Table 2). In 
all species, all RAPD primers produced a constant and reproducible banding pattern across all 
samples (Figure 1, Figure 2 and Figure 3). Variation in the ability to produce RAPD 
fragments depended on the primer and the genus. 
The determination of genetic diversity was based on 81 bands produced by 5 primers, 
and was calculated with Jaccard’s index. The phylogenetic tree, based on similarity matrix, 








The quantity and quality of the extracted DNA samples from cacti genotypes,  
















1 Aylostera muscula 116.70 1.54 1.55 12.85 
2 Sulcorebutia canadiae 341.20 1.90 1.80 4.39 
3 Sulcorebutia rauschii 210.60 1.60 2.46 7.12 
4 Mediolobivia riterii 60.80 1.24 0.45 24.75 
5 *Mediolobivia riterii, Nantens  149.90 1.55 1.03 10.02 
6 Sulcorebutia verticilata var. cuprea 116.10 1.87 1.81 12.91 
7 Mediolobivia rosalbiflora 251.0 1.38 1.69 5.98 
8 Mediolobivia pygmea 83.20 1.61 1.51 18.05 
9 Aylostera fiebrigii 54.20 1.50 0.21 27.70 
0 Aylostera archibuingiana 40.80 1.55 0.73 36.76 
11 Aylostera narvacensis 65.30 1.36 0.38 23.04 
12 Aylostera rosiana 90.40 1.52 0.81 16.61 
13 Aylostera brunescens 83.50 1.36 0.38 17.98 
14 Aylostera robustispina Deva 112.40 1.59 1.54 13.36 
15 Aylostera fiebrigii var. densiseta Deva 63.60 1.43 0.83 23.58 
16 Aylostera robustispina  43.80 1.64 0.37 34.24 
17 Aylostera wallegardensis 76.50 1.40 0.59 19.60 
18 Aylostera pulvinosa 129.40 1.56 1.56 11.60 
19 Rebutia chrysacantha 75.10 1.41 0.64 20.00 
20 Aylostera fiebrgii var. densiseta 42.30 1.35 0.42 35.46 
21 Aylostera ithyacana 199.10 1.62 0.83 7.54 
22 Rebutia spegazziana 53.20 1.51 0.33 28.24 
23 Aylostera kieselingii 132.40 1.64 1.01 11.33 
24 Aylostera pseudominuta 42.00 1.42 0.38 35.71 
25 Aylostera kuperiana 35.20 1.54 0.23 42.70 
26 Rebutia senilis kesselringiana 40.00 1.36 0.30 37.59 
27 A pulvinosa 101.90 0.56 0.28 14.75 
28 Rebutia cajasensis 183.70 1.51 0.28 8.16 
29 Rebutia violaciflora var. luteispina 441.40 1.75 2.17 3.39 
30 Rebutia pygmea 80.80 2.19 1.62 18.58 
31 Aylostera flavistyla 131.60 1.73 0.82 11.41 
32 Rebutia chrisantha var. elegans 112.20 1.48 1.08 13.36 
33 Rebutia xantocarpa 108.50 1.49 0.52 13.85 
34 Rebutia marsoneri 132.40 1.71 0.96 11.33 
36 Rebutia xantocarpa var. splendens 35.60 1.46 0.58 42.37 
37 Rebutia kesseliringiana 43.20 1.42 0.66 34.72 
38 Rebutia xantocarpa var. citrinicarpa 321.70 1.53 2.13 4.66 
39 Rebutia krainziana 163.20 1.50 1.35 9.19 
40 Rebutia buingiana 69.60 1.50 1.17 21.55 
41 Rebutia ourensis 33.80 1.32 0.39 15.10 
42 Rebutia pseudominuta var. schumaniana 45.20 1.37 0.35 33.30 
43 Rebutia kupperiana var. spiniflora 147.20 1.54 1.19 10.20 
44 Rebutia violaciflora 96.70 1.49 0.74 15.52 
45 Rebutia travitaensis 64.40 1.54 0.52 23.36 
46 Rebutia krainziana,Deva 41.70 1.46 0.60 35.97 
47 Rebutia albipilosa 43.50 1.32 0.40 34.48 
48 Rebutia senilis var. liliano-rosea 63.50 1.42 0.98 23.69 
49 Rebutia kallianta 50.90 1.36 0.98 29.58 
50 Rebutia mamillosa var. australis 133.10 1.41 0.65 11.44 
51 Rebutia horstii 65.30 1.54 0.23 23.04 
52 Rebutia donaldiana var. diersiana 136.20 1.49 0.69 11.01 




Primers used for amplification of RAPD analysis 
 
No. Primer Nucleotidic sequence (5’-3’) 
1 OPA- 17 GAC CGC TTG 
2 OPA-18 AGG TGA CCG 
3 OPA-20 GTT GCG ATC 
4 270 TGC GCG CGG G 













 Amplification of a DNA in different cacti genotypes. Lane 1 molecular weigh marker 100 Kb. DNA amplified 













 Amplification of a DNA in different cacti genotypes. Lane 1 molecular weigh marker 100 Kb. DNA amplified 













 Amplification of a DNA in different cacti genotypes. 



















































In the dendrogram it has been used 47 species, and cultivars. Aylostera pulvinosa, with 
provenience Deva, Aylostera pulvinosa with provenience Roven, Rebutia graciliflora, 
Aylostera robustispina with provenience Prostejov, Rebutia krainziana with provenience 
Deva, Aylostera fiebrigii var. densiseta with provenience Gottingen, were eliminated from 
dendrogram, because it is not certain about their provenience.  
The dendrogram present five major groups, and ten subgroups, and most species of 
Mediolobivia genus and Aylostera genus are in the same group. Genus Rebutia is in a 









































Figure 4  
Dendrogram of 47 genotypes of cacti plants from Rebutia, Aylostera, 
Sulcorebutia,and Mediolobivia, genera 
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The groups form by Mediolobivia and Aylostera genera, does not contain species from 
Rebutia genus, but in the same time, the groups of Rebutia genus contain species from 
Aylostera genus. Species like Aylostera densiseta, Aylostera flavistyla, Aylostera rosiana, 
Aylostera brunescens, Aylostera fiegrigii, Aylostera muscula, Aylostera pseudominuta, 
Aylostera ithyacana, Aylostera kupperiana, Aylostera kiesselringii, are very close by species 
from Rebutia genus. On the other hand, three species from the same genus are very distant: 
Aylostera densiseta, Aylostera fiebrigii var. densiseta and Aylostera wallegradensis.  
Aylostera wallegradensis is known like synonymy with Rebutia fiebrigii, Aylostera 
fiebrigii, Rebutia spinosissima (Anderson, 2001). In the same time, in this experiment, 
Aylostera wallegardensis, and Aylostera fiebrigii var. densiseta have a common provenience: 
Botanical Garden from Gottingen, unlike Aylostera densiseta, which derived from Deva 
collection. Aylostera robustispinia, Aylostera narvacensis with Mediolobivia pygmea, 
Mediolobivia rosalbiflora, Aylostera archibuiningiana with Mediolobivia riterii, is 
phylogenetic close, and form a common subgroup. 
The present dendrogram has several aspects that approach it to the taxonomy that 
classified the genus Rebutia, Mediolobivia, Aylostera, like as one genus Rebutia (Buninig A., 
1963; John Donald, 1965). In the present dendrogram it can be observed that Mediolobivia 
riterii, with two provenience Deva, and Nantens are in the same subgroup with Aylostera 
archibuiningiana, and they are synonymy with Rebutia riterii, and in many subgroups 
Aylostera sp. are closely by Rebutia sp. 
About Sulcorerebutia genus this dendrogram present just a few dates, because in the 
present experiment it has been used just three species: Sulcorebutia canadiae, Sulcorebutia 
rauschii, Sulcorebutia verticilata var. cuprea. Sulcorebutia canadiae and Sulcorebutia 
rauschii are closely, than Sulcorebutia verticilata var. cuprea and in common groups with 
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